An increasing number of antiretroviral agents (ARVs) are approved for use, but their use during pregnancy in the United States has not been completely described. We used data from the Pediatric HIV/AIDS Cohort Study (PHACS) Surveillance Monitoring for ART Toxicities (SMARTT) study, a United States-based prospective cohort study of HIV-exposed but uninfected children, to assess temporal trends and maternal characteristics associated with the use of ARVs during pregnancy. The proportion of children exposed in utero to ARVs was calculated over time. A multivariable logistic regression model was used to estimate associations of maternal characteristics with use of highly active antiretroviral therapy (HAART) during pregnancy. We studied 1768 HIV-exposed but uninfected children born between 1995 and 2009 and enrolled in SMARTT. Prenatal HAART exposure increased from 19% in 1997 to 88% in 2009. Of children born in 2009, 99% had prenatal exposure to NRTIs (including zidovudine, 73%; lamivudine, 72%; tenofovir, 39%; and emtricitabine, 37%). Exposure to protease inhibitors increased from 15% in 1997 to 86% in 2009, while exposure to non-nucleoside reverse transcriptase inhibitors (NNRTIs) declined from 33% in 2003 to 11% in 2009. Higher maternal HIV RNA viral load (VL) concentration, lower maternal CD4 count, and earlier timing of the first maternal CD4 or VL measurement during pregnancy were associated with increased odds of HAART exposure. Prenatal HAART exposure has increased but is not universal. As ARV use during pregnancy continues to evolve, follow-up of children is needed to assess longterm effects of ARV exposures.
Introduction

S
everal thousand infants are born in the United States each year to HIV-infected women. 1 Due to successful prevention programs, the vast majority of these infants are not infected with HIV. U.S. guidelines recommend combination antiretroviral (ARV) regimens during pregnancy, both for treatment of maternal HIV infection and for prevention of mother-to-child transmission of HIV, regardless of maternal plasma HIV RNA concentration (viral load). 2 The increased availability of ARVs and knowledge about their use has resulted in dramatic reduction in the risk of transmission of HIV to the fetus and infant.
A number of new ARVs have been approved for HIV treatment and prophylaxis in recent years. As new ARVs become available, the number of potential combinations of individual ARVs rapidly grows. Selection of an appropriate ARV regimen may depend on a number of factors, including maternal health status, previous use of ARVs, resistance testing, individual clinical practice, changes in guidelines, and cost of specific agents. While several first-line combinations may dominate clinical practice, the number of alternative regimens in current use continues to increase.
The potential therefore exists for wide variation in clinical practice, but no studies have described recent trends in actual clinical practice in the United States. Earlier studies have described trends in use of ARVs in highresource countries. [3] [4] [5] [6] Several other studies have presented data on recent in utero ARV exposure in U.S. cohorts, but these studies offer exposure information only on select ARVs or regimens 7, 8 or do not report temporal trends in exposure. 9 We used data from the Surveillance Monitoring for ART Toxicities (SMARTT) study to describe changes in ARV use during pregnancy in the United States and Puerto Rico, and to identify key predictors of maternal use of combination ARV regimens during pregnancy.
Methods
The source population for this study was the SMARTT study, which is an observational cohort study conducted at 22 sites in the United States and Puerto Rico designed to study the effects of in utero and early infant ARV exposure on outcomes and toxicities in HIV-uninfected children born to HIVinfected mothers. Enrollment in SMARTT began in March, 2007 .
SMARTT consists of two cohorts. The Static cohort enrolls HIV-uninfected children born to HIV-infected mothers from the early neonatal period until 12 years of age who either were previously enrolled in an approved prior study (the largest of which are the cohort studies PACTG 219C, the Women and Infants Transmission Study, and IMPAACT P1025, all of which have been described elsewhere 6, 8, 9 ) or who have perinatal and early infant ARV and pregnancy complication data available in their medical chart. Participants were enrolled into the Dynamic cohort either through enrollment of the mother during pregnancy ( > 22 weeks gestation) or of the infant at birth. Mothers or caregivers of the children in the Static cohort were enrolled if willing; the mother's enrollment was required for the Dynamic cohort. The SMARTT protocol was approved by human subject research review boards at each of the participating sites and by the Harvard School of Public Health. Written informed consent was obtained from the participant or from the parent or legal guardian for participating children by staff at the local sites.
All children enrolled in SMARTT with data regarding maternal use of ARVs during pregnancy were included in the analysis. At SMARTT enrollment, the child's medical and clinical histories, including ARV use during early infancy, and the mother's pregnancy history, including the first and last HIV viral load and CD4 measurement during pregnancy, were abstracted from clinical records. In utero and early childhood ARV exposure data, including start and stop dates from the beginning of pregnancy, were collected from the approved prior studies or was abstracted from clinical records, regardless of whether the ARVs were intended for prevention of mother-to-child transmission or for the mother's own health.
Information on race/ethnicity was provided by each child's parent or guardian. Information on alcohol, tobacco, and illicit substance use during pregnancy was reported by the child's mother if she was enrolled on the study, and meconium was collected and analyzed for children enrolled in the Dynamic cohort to verify this self-reported use. 10 In utero ARV exposure was categorized as: no ARVs, zidovudine (ZDV) only, two nucleoside reverse transcriptase inhibitors (NRTIs), three or more NRTIs, HAART-equivalent combination ARVs (cARVs), and other ARV regimens. For the purposes of this analysis, HAART-equivalent cARV use was defined as maternal use of at least three drugs from at least two drug classes, whether use was for treatment or prevention of HIV transmission. In defining HAART-equivalent cARVs, ritonavir (RTV) used as a boosting agent did not count towards the total number of drugs. Because the mother's regimen may have changed during pregnancy, a single maternal regimen was chosen as the most intense regimen among all regimens received for at least three days. Regimen intensity was assigned to a hierarchy (least to most intensive): no ARVs, ZDV only, two NRTIs, other ARV regimens, three or more NRTIs, and HAART-equivalent cARVs. We use the term combination ARVs (cARVs) to refer to the two most intense types of regimens (regimens consisting of three or more NRTIs or HAART-equivalent cARVs). As a sensitivity analysis, we also considered the regimen used for the longest duration rather than the most intensive regimen, and determined the number of children with a change in assigned regimen.
We also considered infant prophylaxis based on exposure to ARVs during the first 2 months of life for each infant enrolled in SMARTT. The median and interquartile range of the duration of infant ARV prophylaxis were calculated for the most common ARV drugs and classes.
Temporal trends in in utero ARV exposure, ARV classes, and the most intense ARV regimen were evaluated by calculating the proportion of children exposed in a calendar year. ARVs initiated less than 3 days prior to birth were not considered in the analysis. The in utero regimen with the longest duration was also identified for each child, and the number and proportion of children exposed to each regimen was reported for each birth cohort for any regimen comprising more than 5% of the total.
Predictors of cARV and HAART-equivalent cARV use were estimated using univariate and multivariable logistic regression models. To account for the temporal availability and use of cARVs, children were classified into three birth cohorts. The cohort of children born in 1995-2002 had disparate and variable patterns of ARV exposure as new drugs became available and ARV in pregnancy guidelines were established. Therefore, this era was excluded from the modeling. The remaining time period was subdivided into two cohorts: 2003-2006 and 2007-2009 . Variables considered as potential predictors of cARV use during pregnancy included birth cohort; the child's race, ethnicity, and gender; the trimester of the first maternal viral load or CD4 count during pregnancy; the first maternal viral load and CD4 measurements during pregnancy; and indicators for maternal tobacco, alcohol, marijuana, and other substance use during pregnancy. Children whose mothers did not have a viral load or CD4 count during pregnancy were retained in the models using indicator variables for these categories. Children with other missing covariates were excluded from the modeling.
Univariate logistic regression models were fit for each covariate and p values were calculated using a Wald v 2 test. Exact logistic regression was used when all participants in the same level of a covariate had the same outcome. Variables with a p value less than 0.20 from the univariate models were included in a multivariate logistic regression model, and variables with adjusted p values greater than 0.10 were removed. Exact logistic regression was performed using logXact (version 8.0; Cytel Systems, Marlboro, MA); all other calculations were performed using SAS (version 9.1; SAS Institute, Cary, NC).
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Results
Size and characteristics of the study population
Of 1975 children enrolled in the Static and Dynamic cohorts of SMARTT as of December 1, 2009, 1787 had any in utero ARV exposure data available, and 1768 had such data available with dates of initiation and discontinuation of ARVs. Therefore, the study population comprised 1768 children, of whom 905 (51%) were male, 1117 (63%) were black/African American, and 587 (33%) were Hispanic/Latino ( Table 1) . The children were born in 1995-2009, but most were born in more recent years (median year of birth was 2006).
Maternal use of ARVs during pregnancy
Almost all children (n = 1704, 96.4%) had in utero ARV exposure. Of these 1704 children, most (70%) were exposed in utero to only one ARV regimen, with 23% exposed to two Table 1 regimens. HAART-equivalent cARVs was the most common in utero regimen (77%). Maternal use of HAART-equivalent cARVs in this cohort began in 1997 with 19% reporting use and became the most common regimen from 1998 onwards ( Fig. 1) . Over 79% of infants were exposed to HAARTequivalent cARVs from 2003 to the present. By 2009, 88% were exposed to HAART-equivalent cARVs and 97% were exposed to cARVs. In the sensitivity analysis based on the regimen of longest duration instead of the most intensive, the assigned regimen changed for 76 children (4.3%). HAART-equivalent cARVs demonstrated the greatest change, falling from 77% exposed (using the most-intensive regimen) to 74% (using the longest regimen).
After HAART, the next most common regimens were those regimens consisting of three or more NRTIs (11%). Between 2002 and 2009, these regimens were consistently the second most common regimens each year, with between 9% and 15% exposed. The most common was the regimen of ZDV, lamivudine, and abacavir (ZDV + 3TC + ABC), with 13% of the population exposed from 2003 to 2009. The remainder of the population was almost equally split between children exposed to ZDV alone (3.8%), two NRTIs (4.1%), and no ARVs (3.6%). The proportion of children without in utero ARV exposure peaked in 1996 (14%) and declined to 2.4% in 2009. Few children (0.6%) were exposed to other regimens.
When individual ARV use was examined, the NRTIs as a group were the most common drug class used in the cohort (97% exposed), with ZDV and 3TC the most commonly used NRTIs ( Fig. 2A) After NRTIs, the most common class of drugs observed were protease inhibitors (PIs). Seventy percent were exposed in utero to a PI, reaching 86% exposure in 2009 (Fig. 2B) . The most common PI since 2007 was lopinavir coformulated with ritonavir (LPV/r). In 2009, LPV/r exposure was more than double that of the next most common PI, atazanavir (ATV) (55-20%, respectively). Other PIs used include nelfinavir, the most common PI from 1998 to 2006, and indinavir, the second most common PI from 1998 to 2000. Use of amprenavir, fosamprenavir, saquinavir, tipranivir, and therapeutic dose RTV was also reported (Fig. 2B) . RTV boosting was common, especially in later years. Seventy-nine percent of children in 2009 were exposed to a RTV-boosted PI regimen.
Non-nucleoside reverse transcriptase inhibitors (NNRTIs) were used less often than NRTIs or PIs, and use has declined in recent years. Overall, 15% were exposed to an NNRTI, but exposure to NNRTIs peaked in 2003 (33%) and fell to 11% by 2009 (Fig. 2C) . Nevirapine (NVP) was the most common NNRTI overall, but was overtaken by efavirenz (EFV) in 2009 (7.5%). 1 . Proportion of children exposed to in utero antiretroviral (ARV) regimens by year of birth. Because the mother's regimen may have changed during pregnancy, a single maternal regimen was chosen as the most intense regimen among all regimens received at least 3 days. Regimen intensity was assigned to a hierarchy (least to most intensive): no ARVs, ZDV only, two NRTIs, other ARV regimens, three or more NRTIs, and HAART-equivalent combination ARVs (regimens consisting of three or more NRTIs or three ARVs from two or more classes). ZDV, zidovudine; NRTI, nucleoside reverse transcriptase inhibitor; HAART, highly active antiretroviral therapy.
388
GRINER ET AL. Proportion of children exposed to in utero antiretrovirals (ARVs) by year of birth. Denominator includes patients not exposed to antiretroviral therapy (ART).
TRENDS IN IN UTERO ARV EXPOSURE
Since 2003, the most common in utero exposure was to regimens consisting of two NRTIs and one PI, followed by regimens consisting of three NRTIs (Table 2 ). Since 1998, 65-70% of the children in each birth cohort were exposed to one of the four most common regimens for that cohort. The remaining were exposed to a large number of combination regimens. From 2007 to 2009, the 293 children not exposed to the four most common regimens were exposed to 90 different regimens. For most drugs and classes, the proportion of children exposed in later trimesters was at least as high as those exposed in earlier trimesters. The exception was EFV, used in 3.4% of children in the first trimester compared to 1.2% in the second and 0.9% in the third (data not shown). Children exposed to EFV in the first trimester were exposed for a median (interquartile range, IQR) of 48 days (34-76 days).
Characteristics associated with cARV and HAART-equivalent cARV exposure are shown in Table 3 . A multivariate model was not constructed to model cARV exposure because only a small number of children (n = 46) were unexposed to cARVs in utero. The first maternal CD4 and viral load were both significantly associated with both overall cARV and HAART-equivalent cARV exposure. Women without CD4 and viral load measurements during pregnancy were least likely to have received cARV or HAART-equivalent cARVs. . Similarly, women with first maternal viral load during pregnancy above 10,000 copies per milliliter had significantly higher odds of HAART-equivalent cARV use (aOR = 2.36 (95% CI: 1.39, 4.01) and aOR = 13.4 (95% CI: 1.75, 102), respectively, for 10,000 to < 100,000 and > 100,000 versus < 1000 copies per milliliter, respectively). The trimester of the first CD4 or viral load measurement during pregnancy was also associated with cARV and HAART-equivalent cARV use; earlier trimesters of the first available measurement were associated with higher odds of exposure.
Race/ethnicity and maternal substance use during pregnancy were not significantly associated with maternal cARV or HAART exposure in either the crude or adjusted models.
Data regarding receipt of ARVs during the first 2 months of life were available on 1422 children. Nine (0.6%) had no reported receipt of ARVs during this period. 
Discussion
This study summarizes trends in in utero ARV exposure and infant prophylaxis among U.S. children over the last 15 years. We observed a temporal trend in changes in ARV exposure over time, with HAART-equivalent cARVs becoming the most common regimens in 2000. Despite the general trend, Only regimens that represent no in utero ARV exposure or regimens with more than 5% of children exposed are shown.
ZDV, zidovudine; 3TC, lamivudine; NFV, nelfinavir; NVP, nevaripine; ABC, abacavir; LPV/r, lopinavir/ritonavir; TDF, tenofovir disproxil fumarate; FTC, emtricitabine; ARV, antiretroviral; HAART, highly active antiretroviral therapy.
390 GRINER ET AL. use of other non-HAART regimens remained above 10% for all years since 2001 except for 2009. Because we describe the change in in utero ARV exposure over time, we are able to relate the variation in clinical practice over our study period with changes in the U.S. perinatal guidelines. 2 We found that many of the observed changes in clinical practice reflect changes in these guidelines. Among PIs, we observed a transition from NFV-based therapy to LPV/r based therapy. LPV/r became the most common protease inhibitor in 2007 after it was one of two recommended protease inhibitors with NFV in the October 2006 guidelines. 11 The transition from NFV to LPV/r was possibly hastened by a temporary safety alert that recommended that pregnant women starting ARVs should not be offered NFV-containing regimens due to the presence of ethyl methanesulfonate, a teratogenic process-related impurity. 12 We observed a decline in NNRTI use from 33% in 2003 to 11% in 2009, primarily due to a decrease in NVP use. This decline is likely due to concerns about severe hepatoxicity and rash for women with CD4 counts greater than 250 cells/ mm 3 as well as concerns about the risk of NVP resistance. 2 We observed limited EFV use in our population even though it is classified as a FDA Pregnancy Category D drug with the risk of teratogenicity. Its use is contraindicated during the first trimester of pregnancy.
2 EFV was the only ARV in this study with a greater use in the first trimester than in the second or third trimester, consistent with the practice that clinicians replace EFV-containing regimens with other regimens after pregnancy is identified. Further analyses are planned to investigate the relationship between in utero exposure to EFV and other ARVs with congenital anomalies in the SMARTT cohort.
ZDV and 3TC were the most common NRTIs used each year, consistent with the U.S. guidelines. 2 However, we observed a steady increase in the number of children exposed to TDF and FTC with a corresponding decline in ZDV and 3TC exposure since 2005. The combination of TDF + FTC represents a first-line NRTI backbone in non-pregnant adults because of its efficacy, tolerability, and simplicity of dosing, and because both TDF and FTC are FDA Pregnancy Category B drugs, while ZDV and 3TC are both Category C. 13, 14 Despite these potential advantages, current U.S. guidelines recommend the use of TDF + FTC in pregnant women only after careful consideration of the alternatives 2 due to decreased fetal growth and reduction in bone porosity in animal studies 15, 16 as well as bone-demineralization in HIV-infected children on chronic TDF-based therapy. 17 Given the increasing proportion of children exposed in utero to TDF in recent years, further study is needed to clarify the risks and benefits of this exposure.
Our observed changes in ARV use in the U.S. are similar to those observed in other high-resource countries. Analysis of data through 2008 from an Italian cohort also revealed a change from NFV to LPV/r as the most common PI, increasing TDF + FTC use, and a 40% decline in NVP use. 3 A small Danish study reported that among thirteen pregnant women, none received HAART-equivalent cARV without a PI in the first half of 2008, compared to 6 of 34 (18%) in 2007, suggesting a decline in NVP use. 4 Although use of cARVs during pregnancy increased during the study period, use of such regimens was not universal, even during later years. Those women least likely to have used such regimens were those without CD4 or viral load measurements during pregnancy, possibly because they were not identified as HIV positive or were not in prenatal care. Women with higher viral loads and lower CD4 counts were more likely to use cARVs. This is expected since these are two of the characteristics that determine whether ARVs should be used for treatment or prophylaxis during pregnancy. Current U.S. guidelines recommend that cARVs containing at least three drugs should be offered to women during pregnancy, although a regimen of ZDV alone, while controversial, might be appropriate for women with viral load less than 1000 copies per milliliter. 2 Almost all of the children ( > 99%) in our population received ARVs during the first 2 months of life and 85% received at least 6 weeks of prophylaxis. This near-universal receipt of ARV prophylaxis is in accordance with the U.S. guidelines and contrasts with the findings of the European Collaborative Study that reported that 40% of their study population born between 2004 and 2007 in Western Europe received no such prophylaxis in spite of European guidelines. 18 In addition to evaluating individual ARV drugs, we also explored the proportion of children exposed to ARV regimens and found that while 62% of children born since 2007 were exposed to the four most common regimens during pregnancy, the remaining 38% were exposed to 91 different regimens. This regimen diversity complicates the conduct of observational studies of the effects of in utero ARV exposure as such studies often do not have the power to examine the effects of less common regimens.
Our study has certain limitations. Although the clinics participating in our study are from a number of U.S. states and Puerto Rico, they are likely to be located at urban research institutions and the prescribing patterns at these clinics may differ from others in the United States. In addition, older children in our study must have been uninfected when the study began in 2007. Therefore, selection bias likely understates the proportion of pregnant women who used less effective ARV regimens before 2007.
In conclusion, use of cARVs, including HAART-equivalent cARVs, among women in the U.S. is increasing, but not universal. A large number of regimens are used during pregnancy and the frequency of in utero exposure has changed over time-two trends that will likely continue as new agents are introduced. Therefore, long-term follow-up of already exposed infants and children as well as continued study of prospective cohorts of newborns is essential to identify any long-term effects of in utero and postnatal ARV exposure.
